PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2000-294470 
(43)Date of publication of application : 20.10.2000 



(SOIntCI. 



H01L 21/02 
H01L 21/26 
H01L 27/12 



(21) Application number : 11-102698 

(22) Date of filing : 09.04.1 999 



(71 Applicant : SHIN ETSU HANDOTAI CO LTD 
(72)Inventor : TAKAHATA JUNICHIRO 
MTTANI KIYOSHI 
KOBAYASHI NORIHIRO 
AKIYAMA SHOJI 



(54) SOI WAFER AND ITS MANUFACTURE 

(57)Abstract 

PROBLEM TO BE SOLVED: To obtain a high-quality SOI wafer whose SOI layer and 
SOI/BOX boundary have such surface roughness that give extremely small affects on 
the breakdown voltage or threshold voltage of the oxide film of a MOS device 
manufactured, by using the SOI wafer or the variation of such a characteristic as the 
carrier mobility, etc., of the MOS device. 

SOLUTION: The surface roughness of the SOI layer of an SOI wafer is aojusted to < 

0.12 nm RMS and/or the surface roughness of the boundary between the SOI layer :> .. — 

and a buried oxide film is adjusted to <0.12 nm RMS. In a method for manufacturing an § QA ... .1 

SOI wafer, after the surface of the SOI wafer is polished to a mirror face, the natural V .S*** I 

oxide film formed on the surface of the wafer is removed or a thermally oxide film 
having a thickness of >300 nm is formed on the surface of the wafer and removed, and ^ * ; j 
the wafer is heat- treated in an atmosphere containing 10% hydrogen or argon t^Q&i^£ft&**fr* 
containing >10% hydrogen and/or a mixed gas atmosphere containing the argon and ™ : 1 
nitrogen by using a quick heating/quenching device. 
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[is*Bi ] soi ^x-^cdso immsow&s 

SO I 

[39#JB2 ] SOI »)X-a(?)SO I H4g&&^ 
{bM4Of?ffiOffi*i£#RMSffir0. 12nmkTF-C 

«>sci^Si-r^so i ^x-^. 

[lf>JS®3 ] SOI ^x-^CDSO I @Slffi<Dffiffl3 
MMSttrO. 12nmWTt^^ ^oSOIIi 
a^^^tBiO^ScDffifl^^RMStt'CO. 12 10 
nmtlTtWCiMi-r^SO I *x-^ a 

[ii*^4] so i <yx.-^zmmwmb?c&, 

1>T*^1 0 0%**1>»*SR«: 1 0%jy±^WTST 

a*tf a 5ci 4 s o i ■> i-^obk 

So 

[s»3joa5 3 so i se* 

HCC 3 0 0 n mfii±0««flJ(l*JBRRl/. W»Mfb«* 
Bt*T5Ci*««i«SO I tfx-^©«Ji*ffi. 20 

5soi »?xw^sgii:£fe, 

[19*317 ] 3 F*x-^» 

&cieiSb/cso 1 «?x-^©K3fi*ffi 0 

<D$JWbK*l**L/dlL ©KfbR%/My"r» 

fcfina-fcfiL K^F^xw>*»R{fcT*C444*« 

[»5RS9 1 tuKffl— ©»fb«tt#> F^xw^ffi 
«clMWUi*»JSW* C £ *#«4*-*»#*8 tce« 
CDS o I 40 

tc<fc0ffl!StifcSO I ?xw%<D^ffi©ga*BMUB* 

i*|«i**«3j«6tt^Llf3lW90^rtl*ia 
SCfBi&OSO I ■Jx-^oKJg^iS. 
[HMQIl 1] lWR#>Ftfx^«*0MbT*C4 
{c<tt)fp»3n/cSO I ^x-^o^ffl«:»KfklH*JB 
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ac»L/8»*3H9©^m*^lJBK:BBK<DSO I tfx— n 
[000 1] 

xw^cc^y 3>«<0WB»l«:»abfcSO 1 *x 
-;^J;ffSO I ^x-^CDStifi^ffitcBS-rSo 
[000 2] 

m&oim] «««ecws»tto**^y3>wbBi© 

±tC2^y 3>ffi14B*WT*O*>«>*S0 I (s i 1 i 
con on Insulator) If j§ti> * 

r^o, ifi^wjcffiastiro*. c®«asoi»i& 
£WT£ s 0 1 ^x-AOMW^MSiii or, s 

IMOX (Separat i on by Imp lat 
ed Oxygen) ffi4te^t>ttffi4***&. 
[000 3] SIMOXffit S/'jryJiw^I 
3&>61*««<DBl*-/*> < 16 0* ) ^iiALt^xw^ 

*i*rWU*l 10 0-13 0 O'COiSS-C^HTX- 
Jl/T£C4fc:J:D, SJiBiSifiS-Y ^^itAB^S O I r> 

x^g>*w&*bmmi <en\ box«oc4#* 
£ 0 ) ittss io, cc^k3-&4R$Br*D, a 

SO IJBOJJS^etiSilr^fOjStWTS**. SO 

[00 04]-^ Bi^t>tffii». Z»©i/93> 

0. PDiB^¥5-4 6 0 8 6^£f6Kl^$*rCl,>£ 
flttc. d>a<4fe— *©-Jx-^{cWbBI**rtb, JS 

^atcs^/MSs-a-ac 4a < tastes* 3 -a-fca. 
200-120 oxjcDStt-cjRsaffibTift^saas*** 

«E*tf a 9 S O I I^K-T^ C 
[0 0 0 5] C©J:5fcL-Cf¥«Snfctt0^t>H±SO 

1 «>x-^«, soi ncoisatttcftn, so 1 mist 

fF^«feW»tcJ:0IWMbb'Cl>*ft:», « 
»bKI«MH#**<5±* tt»3W«««:aD, L/^feR/S 

->fc. cco<fc5asjii$i-i4tcBB"rste | 9^t>'a-^ra 

■jftt»» , r*W«{b*ffi4bT 1 ^5S¥5-2 1 1 1 

2 8#^*tcBB*3tirc»4J:9 a**-<*>Mlllffi4 

p? tf h 5 nm#H9k £ tifc. 
[0006] c y 3 > 

$x-^<D3fc4>a< 4t— *Cctt{b«*JBSfr*4 4 

fecc, — *©s/y3>->x-^©±if*»6**^*>* 
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>-?x-/Nrt»K:*/MMaJl («AB) ZBOLSHtc 
B^*:/aAffiftBfbB**bTft:&©*x~^± 

«*s-t* -tosttwea (mkm(«e«) *tt*raw^« 

CcHBU d6ficNMaa (tt^MMni) *ttl*.-CS£H«: 
urftssn/cso i ^x-^^ffi (MKaB) tetbKitt 

g»tt«B±ft£fr. MWOilfflWB^x-^iHWO 
*BBfl3* : rr*SO I 2xw^TSfc»K:B\ 5? 9 

[0 00 7] C©;&ffiT>tt. S O I n<DJfeH£**S&? 

*c>so i •jx-^jisjtKiflCBsaccflieti&i, mi 

mzjtz recast y n>^x- ^h±* is^-r & c 4 
«>-c#su ^y :3>^xw^|5]±£**^T£it^c^:r 
^£jg£T£»£K&fflt>6ft£. 20 
[0 0 0 8] iC6r. huIES I MOXffitCctDfKRS 

n/c^-Mc»so 1 »<Di§3te©raH©fiMc s o 1 

g£BOX<Dj?ffi (£4T, SOI/BOXSIiO^C 
£fr*&. ) <DH£b^A^ < . M^n/cfAV^ft 

y *frfflst > <t t> s raa & * fco c <Dfflm*& 
mm-^mt ur 4 ^b^7 - 2 6 3 5 3 8^&#mc 

(Root MeanSquare Value :@i 
W #ISl2nm©40t»O. 8 5nm 

tcfi«c *sci fr*§a* s nr t . ■ 30 

[0 00 9] cti<c»LH;Q^b4&TfNH3tifcSO 
I ■Jx-^tcotvrtt. SOI/BOXfffflOlfflS* 
WBiShSCittttfrofc. Ctitt. te9^b-t*SO 

>Vx-^*m<mi:ftl,XteK)&tti><DT?, SOI 

^ffifiStetffffU SO I tfx-^<z> 

BRMStO. 15nmggt»5m Cft£fl3t>T 
fflRStifcSO I/BOX»ffifet*acti4HafOU-< 40 

[00 10] 

WKji*£U 1 0 0 ± 1 0 nm©ffifS60R/SS:Wr5S 

oi»3W+»ccpiffii«c^ft:. «e*ttraa» 
snw^ofcs o 1 mommas o 1 /Boxi?i 

OfflfiS(Dl/^0. 1 5nmHKT£>r>Tfc, SO 50 
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II©R*3&s«^«5 OOnmJgiTCcaSiSO I ^x 
LSt>fi«EE*St*B:** yrSAKVDttttfC/'t?? 

fttt. so i»oBl**«*-c»«{b*h, frois-ft 

BW^05K»-C«ffl34a4J:5Kaofca>'C. SOI 

m «fficDffifi ?isoi/Box sffioaffl ^ 

[00 11] fct, *AQBISC0J:9ttnBj&tca* 
&5WcfcCDr, SOI9i-^*ffllr»tff«3hSM 
O S TV* -Y *<DK{bjgWBE*> b * t >ffi»EE* 4 1> 

* yr^iii^o^^^wtto^^^+^aarK 
»frg«>T*j>tct> s o i mmwowmzt soi/bo 

XWffiOlffi^^WT^SO I tfx-^<fc*©«jfi#ffi 
[0012] 

[iSK*BP&T£fca&<D^&] iiBaHiWari/c* 
*«|8©|»*3S l *cBe»3 ftfcf^C*. SOI-Jx-a 
©SOII*ffi©IflS^RMSiiT0. 12nmKT 
t»5Ci*tt«if SSOI 'Jiw^tS. CCDJ: 

stcan/cso iiM©ffiffls*wrsso i ^x- 
^wt. a»©«ffiw«^x-^(Droasci:Dfe«nteu 

^jUT*4fr6* SO IB^SCcJK^Sni^-f^ 

/<^^*©d>at^ ffi»TftjffttiKbi*»ff^i/* 
tHHSEE*£t>»** yr»»flww>^-f ^Wtt** 

[0013] -tbr*»WCE>BI*3l2CCBBttb/c»W 

so i ^-^oso ia&aac>i&»mbR&ow 

E©ffiI?^RMStt*CO. 12nmOT©SOI->x 

[0014] 3 *»W©»«3B3«cE»bfc«?H 
SO I tfx-^CDSO I BSB<DBBffl3frRMStt 
•CO. 1 2 nm«Tt*0, fro SO IB£S«>&#& 
{|*4©»B©m3frRMSfrc0. 12nmHTO 
S0I-)x^t*5. C<Z>«fc 5 tc«ft/c SO I ssis 
coffifli* 4 S O I B&afti&*KttK&0#!iB®Sffl3 
^tSSOI-Jx-^t iS©SOI»?xw^I 

tt3-WHBfis«fc9 feffin/cu-<;i/-c*5fr6, soi 

B^ffiKUBfiRS h* i/T J: 0 — BJS&UlffJK: 

o*t>ffl«BE*at>tt* + yrgMS^fA^x^tt 

[0015] &CC % #^©»#«4CCffi«U;fc$HIJ 
tt> SO I 'Jx-ntiHWUfca, ttSEffiOSJRK 

fba*i**u sauna • aia»*RR«*fflt»-c*3R i 
^/*fctta*i©«^^#B*T"cj»«ia*fTtt 5 

Ci*»*it4SO I 9x-;>©BiSffi'C*4. C 



<dj:mc. so i vx--"*mmwmistc&. mmmo 
BfsmtmztSiiiL. M&mm • s&x&igi&zm^x 

T-0. 1 2nm«TtC3sr5(#3n/c:SO I ^x-zn* 

mzzt&xzz. se-^r. cosoiiiiKfA-f 

T&#&*>©£f#sc<!:#-cs&. 

«, soi v3.-»z8mwmott&, m&ffiK. 300 
nm jiLt©?»sHbig*ffMu gtmrnitmimz-r ?> c 
tzftmt-rzso 1 ^x-^©S!s*ffi-c*>s. c© 

<fc5CC> SO I fx-^£g|ffiW®L,ft:gt ISS®(C3 

0 0 n m^icis^tJi^^L.. mmmmzmz? 

SCitCi-p-C-b. SO I ^x-^CD*Mffl??:Bfe#-r 
•SCi^Tt, RMSfflTO. 1 2nmfcTRCg-Cr&l± 

[0017] ^^^Hj©tf^J16^IEeLfc%Hj(j v 

jk^^sl. .mitjra^ • M.&$i%)&s*m^x7m 1 0 

0%ifc£<,>«*sfl£: 1 0%JW±#W"f 3T;l/=*>*5<fci>* 

K^x-n4IIfbt5Ci4#Sit5SOI ^x- 

[0018] c©so I ^x-^(DKj»*iSCC<tntf, 

T3?ffiffli*£ft±31*fcVl/:3>9x^£;i<> F?x 

LTSOI^i-n^fKUTl^OT, *£iHffKC**> 
H^i-^OSI*5SOI eia*63i^{b®i©l?E 
(SOI/BOXI?!) tc^cOv I*#ffi©«ffiffi«**». 
RMSffiTO. 1 2nmt(TK:*-r-3Jc#3n/cSO I O 
x-^4^-5Ci*5-Ct?.5. Se-^r. CCDSOI^x- 

[0 0 19] COtl^ |f^I§7CCl2tgL/)rcJ:^CC > bu 
13-> y 3 >K{bK£*"> F ^x-^«ffi(cjKfi£i,/d»K 

SK^fbM^r^fSur^-^^x-^i^-rntf. 
*$7-- JWNt&a K J: S ¥*§f bj»HI i SI&Kf b(c 
m<t®mt<Dt§m%}%:lcJ; K> S O I /BOXWffifiJ: >3 
— B¥S&4>©£ft9> SMItC RMSfl-CO. 12nm 

[ 0 0 2 0 ] . *mm<D28#m 8 {ciBis^fc^Bj 
». ^®wifsnfc^U3>^x-/>^6%-s^> 
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ft. tt#>F$x-/^»g{b"rSC£*««4-J-SS 

o 1 •Jx-^voKJS^ttr**. 
[0 0 2 1 ] COSOI $x-/N©gg;£aicJ:tttf, 

gisnwig • m-mmtmmtfi ■ &-mm<tmm£*mL 

*ffiffl3£fi±3#fci''J=i>'5x-;>;& ! j<>F'5x- 
«il/t«l>. ^-EfbrafcttLT'*-* 3 x 
£b"CSO I ^X-^SfpSbTtriSCDT. Jg^EftKSl 

mm2#&&2titc#i'Fyx.--»<DiMtfiso imt 
m&iz&wum t name & k> . wmo&wa. s # > 

10 RMSI70. 12nmei?(CSr«S3nfcSO]f 
J-^Sici^TtS. Se-aT, COSOI ?x- 

[0 02 2] C©t§£, »*59R:iBttLfc«fc5tC. II 
fbKi-r^Ci*3"C#S. COJjSKjKI/KSx— 
»«W:*ej:s^fltf»*tt:J:<) so I /BOXSIii- 

B^igfbSn. B@gCC RMS ffifO. 12nm«T«:* 

[0 02 3] *^Bgor)M*^ 1 CKtO&ffiLtc&W 

«. 89K«J*> F fx -st«]fKf tr 6 C £ K J: <0 

n?cso 1 v^-^comMcD&mkitmzf&iiLtc^ 
&mmm ■ &&¥tm$m£m^xim 1 0 o%$>z>\,m 

*3g£l 0%fel±#WTST-«U=i->fcJ:D i: /'Sfc(iM^ 
i©^*'^#HmTT-^SI«:tf fc 5Ci &$ft<b "T 
£SO I fx-^OSSlii^ft-C*^,, 
[ 0 0 2 4 ] c©S O I 9x-/>.©Hj£75-ffitcJ:ft«. 
JHEfcSO I/BOX|?ffi*5¥a{b$ti/cSO I $xw»" 

^ffitiS 5:¥ffl^b•r^>©t , . S O I /BOX!?®©¥£ 
fb5?6Si SO I f x-/^M13©¥iifb^©lfm^ 

mtccto^ so im<Dmm%)-mtJ:<o-mfo±btc'i> 

(Df?ZCt&~e$2>t.&!,CC<DSO I '5x-/^^C7 r >'< 

[0025]-e L-C3(s:^cDiS^ 1 1 &cget£bfc#£Bj 
«. SWB^K^xwNJfeWWtrSCiKJrOfHRS 

40 imzm^-rzctzftWittzso i ox-/^©«ja 

[002 6] C©SO I -i>x-/>©MS*6fetCJ:ntf. 

BEtcso i/Boxwffi*s¥±afb3nfcso i ^x-^ 
ictt Lxmwtsmtft ■ mmitm^mm^mLxmm 

f&2Z¥-®ik?Z,<DX\ S O I /BOXJ?BD©¥JSfb5a 

si so i vx.->^mmz<D*mm&<D\m.nmc 

SO IB©ISJ1^— tt»<fc»3— B|Sj±L//c^©<«: 
•T-SCi*Jr-^-5.£±fcfcC©SO I ^x-/^tC5 :; >'^•^ r X 

^^■rnB. v*o>'pi3n.*m>xmttsi7 : rt-i * 
so itB^sciOT^a. 



[0027] 

l\ SO I ?xw^ffiliTfESf£ft£ 

O I ^x-^gBfcJctf SO 1 /BOX»ffi<Dfflffl3£ 

*ffi<DBiffl^^oc>r^ SO I ^x-^^Iiil 

g|ffiOg^-{bM£f&£U RTAgg^l^ 10 

r, 7k^ l o 0%$>2><,>te7km* l o%y±^tr&T 
mzirte5*\ so i ^^-^^mmmmotc^ &m 

iiC300n m«±©^^bl»4^L, ^^{tll* 
[002 8] St SO I /BOXJ?ffi<D®f!£&Cot,>. 

so iJi£ffjj?rr6^x-'> (#> k^x-^> 20 
Kittix-rntf, «*oaiBffl«ffi©BfflSte^br« 

*x/cBf&$ £*nT& S O I /BOXIfWif6ft5C-4 
[0 02 9] fcTF> #*?B{C-^TBffi*#iB0tt*S6 
O I "Jx-^ (SOI «SORS9Fffa) te<fctf«BW 

g^n/oy^^-Ji-^ (jut. pwctBSte-r&ci 30 

SHS-2 800S) *JBC>r, 7k^2 5SS%, 
rf>7 5^a%CD^H^T. 1 0 0 0 - 1 2 0 0 'CCDS 

Nanoscope-n) £/Bl>T2 i^mSOIitlf 40 
fcO. RMSffi <e3R¥*5 iltilfc. 

[0 0 3-0] hi cto. v*-»sm<D&tgm<tm%$> 
fflm-c^saa-rntf, *B»Sttffl±u rmsatc 

0. 12nm«T, 0. lOnmttTit 

*ft*ft&ffisffir©s o i ")x»;^ii pwikds 

[ 0 0 3 1 ] Z<D& 5 ttgUtOSAK. 
fflMTtiWt^i SiiSiO, ttx? 50 
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£n£#> *CDX7^>y*9C3^S i fctb^TS i O, 

tmmcm^o-c, •> x w>*bk ea&BMtwo j; 5 a 
**»*Lt*<ot l 1200 xaa±©*a©*W5a 

[0 0 3 21H2B, RTAgBO&JBS^HSi*©* 
*ffi©S«S»fUi*l»*Oft:SO I *x-'\*J:tfPW 
g^^t 1 1 0 0°C\ 3 OUORTA&teHSrfffr-* 

<DS iMWv^^l/-^3>^U«c< <^S-^ 

[0 03 3] — mf 12 L/c J: 5 &*3ft#H«T*CCDR 
TA«^S«i^O<»A5a-Cfe^ffi«:¥ffift-r4C <t#-c 
85CiW-9/c. H3« % Su IB iloHiCD SO I ^x 

a^^ffli^r, i o 5 ox;-c*3iwi*fttf#H«iT'C/» 

[0034183^. BMUt***<£Jfr*~*(3£9t 
M^Wlt^Ci^^, 4$CC»f bH/S* 3 0 0 
nmJULhftcrtiB. aia3BRMS«t?ftO. 12n 

{btcj: 0 X^LVttfrT-n^ T J ^ x-^ffljcaA 
[0 03 5] ££6~C V ^BfflS«|fiI±3li'4Sir»©2 

amoMMfiaa t >rn & ■> x - co^m^^c 

teO^tof SO I -Jx-^OSO I/BOX 
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S O I «)i-a10#> K"?x<-y><L L>X* ±IBCO^ffi 
lt^^")i^<!:S^Ci^J:9SO] $x- 
-)x-aSI^SO I/B0X9lBtC&&GTt\ ^<D^ 
£6, COt§£\ **> F*xw^Btef*lMbBI**lft 

ur^-x^x-^&^-rntf. *3R»H»T««wa 
UK J: *™b©S** ± JMMbK <fc b©»*#£- 
fc>3 9, SO I/BOX#ffi«— JB¥*ttt©4a&. 
[O0 3 6]J/c 7k^H»TcWBl«Bl«: iS^ffc 

tB, SO I/BOXI?i/ctm< SO I»cfcl 

area*, rarfofe. iiii^n/csoi^x-^ 

#^H»T*«^LT»B*¥«fbU 3 
■*WMbL"C*©BMUI*l!ft*mtf, SOI»)x- 
^SBOSBfflStt— Jlft±t?*S£ft«: k &BMb£R 

im&tt&mcfccxi& o sir c ± k <* g , 

©«±K»rft <, SOI »©BW$— tt£ftf5L<ft:£ 
*Kfc*?MKbfciiJ1fe£tt*. 

[0 0 3 71 CC"C. $»>'Jn>')x^SO 
(RTAgg) Ttt. jfcflO»tcJ:4 9>^ftI«k 
-O^-^^a^^ttH. SHS-28 0 0CD<fc9tt 
S^iOT^ ISil/^ ha>tt»G>a-8©<fc5tt 

/\ soi wNOflaairtift • 

-1*WU CCD? t 1 fit")x-A% jUSfflW* 

[0 0 3 9] X7*QgF3W«tt* *- h f + * 3 
h -n>u >f k: J: o T ffifflvjmit ffif&ZtiZ ^0^© «J 

[0 040] ^bT, 9x-"8(2^hU^4tCfl$j& 
aSAPfl'Jfc S91^ 6 *SRW e> 4Tt *? 0 , 

a»A^#«>x--^8K:it«Sfc6©*l5S<cia«r* 
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[0 04 l ] f^o&ltOMBMMmi 0te<fcoT, * 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a high-quality SOI wafer 
whose SOI layer and SOI/BOX boundary have such surface 
roughness that give extremely small affects on the breakdown 
voltage or threshold voltage of the oxide film of a MOS device 
manufactured, by using the SOI wafer or the variation of such a 
characteristic as the carrier mobility, etc., of the MOS device. 
SOLUTION: The surface roughness of the SOI layer of an SOI 
wafer is adjusted to <0.12 nm RMS and/or the surface roughness 
of the boundary between the SOI layer and a buried oxide film is 
adjusted to <0.12 nm RMS. In a method for manufacturing an SOI 
wafer, after the surface of the SOI wafer is polished to a mirror 
face, the natural oxide film formed on the surface of the wafer is 
removed or a thermally oxide film having a thickness of >300 nm is 

formed on the surface of the wafer and removed, and the wafer is * ^ "^A^LMJ 0 ^ 

heat- treated in an atmosphere containing 10% hydrogen or argon 
containing >10% hydrogen and/or a mixed gas atmosphere 
containing the argon and nitrogen by using a quick 
heating/quenching device. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The SOI wafer characterized by the field granularity of the SOI layer front face of a SOI wafer being 
0.1 2nm or less in an RMS value. 

[Claim 2] The SOI wafer which embeds with the SOI layer of a SOI wafer and is characterized by the field 
granularity of an interface with an oxide film being 0.1 2nm or less in an RMS value. 

[Claim 3] The SOI wafer which the field granularity of the SOI layer front face of a SOI wafer is 0.1 2nm or less 
in an RMS value, and embeds with a SOI layer and is characterized by the field granularity of an interface with 
an oxide film being 0.1 2nm or less in an RMS value. 

[Claim 4] The manufacture approach of the SOI wafer characterized by heat-treating under a mixed-gas 
ambient atmosphere with the argon and/or nitrogen which remove the natural oxidation film of this front face, 
and contain 100% of hydrogen, and hydrogen 10% or more using rapid heating and quick cooling equipment 
after carrying out mirror polishing of the SOI wafer. 

[Claim 5] The manufacture approach of the SOI wafer characterized by forming the thermal oxidation film 
300nm or more in this front face, and removing this thermal oxidation film after carrying out mirror polishing 
of the SOI wafer. 

[Claim 6] The manufacture approach of the SOI wafer characterized by to thin-film-ize this bond wafer after 
removing the natural oxidation film of this front face, sticking the bond wafer heat-treated and produced and a 
base wafer through silicon oxide under a mixed-gas ambient atmosphere with the argon and/or nitrogen which 
contain 100% of hydrogen, and hydrogen 10% or more using rapid heating and quick cooling equipment after 
carrying out mirror polishing of the silicon wafer, and adding heat treatment. 

[Claim 7] Said silicon oxide is the manufacture approach of the SOI wafer indicated to claim 6 characterized by 
being the thermal oxidation film formed in the bond wafer front face. 

[Claim 8] The manufacture approach of the SOI wafer characterized by thin-film-izing this bond wafer after 
sticking this bond wafer and a base wafer through the second oxide film after forming the first thermal 
oxidation film in the front face of the bond wafer which consists of a silicon wafer by which mirror polishing 
was carried out and removing the thermal oxidation film of this first, and adding heat treatment. 
[Claim 9] Said second oxide film is the manufacture approach of the SOI wafer according to claim 8 
characterized by forming the thermal oxidation film in a bond wafer front face. 

[Claim 10] The manufacture approach of a SOI wafer given in any 1 term of claim 6 characterized by heat- 
treating under a mixed-gas ambient atmosphere with the argon and/or nitrogen which contain 100% of 
hydrogen, and hydrogen 10% or more using rapid heating and quick cooling equipment after removing the 
natural oxidation film of the front face of the SOI wafer produced by thin-film-izing said bond wafer thru/or 
claim 9. 

[Claim 11] The manufacture approach of a SOI wafer given in any 1 term of claim 6 characterized by forming 
the thermal oxidation film in the front face of the SOI wafer produced by thin-film-izing said bond wafer, and 
removing this thermal oxidation film thru/or claim 9. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the SOI wafer in which the silicon 

oxide insulating layer was formed into the silicon single crystal wafer, and a SOI wafer. 

[0002] 

[Description of the Prior Art] The so-called SOI (silicon on Insulator) structure of having a silicon barrier layer 
on the silicon oxide which is electrically insulating is excellent in the rapidity of a device, low-power nature, 
high pressure resistance, a resistance to environment, etc., and attracts attention especially in recent years, as the 
typical production approach of a SOI wafer of having such SOI structure ~ SIMOX (Separation by Implated 
Oxygen) — there are law and a lamination method. 

[0003] The SIMOX method pours in high-concentration oxygen ion (160+) from the front face of a silicon 
wafer, and forms a high concentration oxygen ion-implantation layer in the predetermined depth in a wafer. By 
annealing this at a 1 100-1300-degree C elevated temperature for several hours, it is the embedding oxide film (it 
may be hereafter called BOX) of a SOI wafer about said high concentration ion-implantation layer. Becoming 
Si02 Although it is the technique of making it changing and has the advantage that the thickness of a uniform 
SOI layer is obtained, there is a problem that the crystallinity of a SOI layer worsens. 

[0004] After making it stick mutually as a lamination method is a technique which sticks two silicon wafers 
through silicon oxide on the other hand, for example, it is shown in JP,5-46086,B, without forming an oxide 
film in one [ at least ] wafer, and making a foreign matter placed between planes of composition, it is the 
approach of heat-treating at the temperature of 200-1200 degrees C, and raising bond strength. Since the 
subsequent grinding polish process of the lamination wafer with which bond strength was raised by heat- 
treating becomes possible, it can form the SOI layer which performs component formation by carrying out 
thinning processing of the component production side wafer by grinding and polish at desired thickness. 
[0005] thus, an ingredient when thin film-ization takes time amount since it has thin-film-ized by grinding and 
polish although there is an advantage that the dependability of the embedding oxide film which is excellent in 
the crystallinity of a SOI layer and exists directly under a SOI layer of the produced lamination SOI wafer is 
high — useless — becoming — moreover — thickness homogeneity — at most — only about **0.3 micrometers 
only of target thickness were obtained. The approach called the hydrogen ion exfoliating method which is 
indicated by JP,5-21 1 128,A as the thin film-ized technique which solves the trouble of the lamination method 
about such thickness homogeneity was developed. 

[0006] While this hydrogen ion exfoliating method forms an oxide film at least in one side among two silicon 
wafers Either [ at least ] a hydrogen ion or rare gas ion is poured in from the top face of one silicon wafer. After 
making a minute air-bubbles layer (enclosure layer) form in the interior of this silicon wafer, this ion- 
implantation side is stuck with the wafer of another side through an oxide film. It is the technique which adds 
the postheat treatment (exfoliation heat treatment), exfoliates one wafer in the shape of a thin film by making a 
minute air-bubbles layer into a cleavage plane (stripped plane), adds heat treatment (heat-of-linkage processing) 
further, combines firmly, and is used as a SOI wafer. Thus, although the produced SOI wafer front face 
(stripped plane) turns into a comparatively good mirror plane, in order to consider as the SOI wafer which has 
surface roughness equivalent to the usual mirror-polishing wafer, it is necessary to perform very little polish of 
the polish cost called a touch polish. 

[0007] By this approach, when a SOI wafer with the very high homogeneity of a SOI layer is obtained 
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comparatively easily, while exfoliated, and since a wafer is reusable, it has the advantage that an ingredient can 
be used effectively. Moreover, this approach can also combine direct silicon wafers, without minding an oxide 
film, and not only when combining silicon wafers, but when combining with the insulating wafer with which an 
ion implantation is carried out to a silicon wafer, and the coefficients of thermal expansion of a quartz, silicon 
carbide, an alumina, etc. differ, it is used. 

[0008] by the way, said SIMOX — the irregularity of the interface (it may be hereafter called a SOI/BOX 
interface) of a SOI layer and BOX other than the crystalline problem of a SOI layer was large to the wafer 
produced by law, and there was also a problem of being easy to come to the produced device property out of 
variation in it. According to the approach indicated by JP,7-263538,A, as an approach of solving this trouble, it 
is indicated that that whose RMS value (Root MeanSquare Value: a root mean square and square root 
granularity) which shows the granularity of an interface is about 2nm can be reduced to about 0.85nm. 
[0009] On the other hand, field granularity of a SOI/BOX interface was not made into the problem about the 
SOI wafer produced by the lamination method. Since a lamination SOI wafer sticks two silicon wafers by which 
mirror polishing was carried out as mentioned above through an oxide film, this the field granularity of SOI / 
BOX interface Since the level of the surface roughness of the silicon wafer used for manufacture of a current 
lamination SOI wafer depending on the surface roughness of the silicon wafer to be used is about 0.1 5nm in 
RMS, It is because it is the fairly excellent level when the SOI/BOX interface produced using this also serves as 
level almost equivalent to this and is compared with SIMOX. 
[0010] 

[Problem(s) to be Solved by the Invention] However, by the appearance of thin film-ized techniques, such as 
the above mentioned hydrogen ion exfoliating method, thin-film-izing and thickness homogeneity of the SOI 
wafer using a lamination method progressed by leaps and bounds, and the SOI layer which has 100**10nm 
ultra- thin thickness became possible enough. Consequently, even if the level of the field granularity of the front 
face of a SOI layer, or a SOI / BOX interface which was not regarded as questionable was about 0.1 5nm 
conventionally, when the thickness of a SOI layer was set to 500nm or less, it turned out that it has the bad 
influence that variation etc. arises on properties, such as oxide film pressure-proofing and the threshold 
electrical potential difference of the MOS device produced using a SOI wafer, or carrier mobility. Since 
thickness of a SOI layer is thin-film-ized extremely and this came to be used in the state of uniform thickness 
distribution, it is considered to be the causes with main it having become impossible to disregard the effect the 
field granularity of a SOI layer front face and the field granularity of a SOI/BOX interface affect thickness 
homogeneity. 

[001 1] Then, this invention was made in view of such a trouble, and aims at offering the SOI wafer with which 
the effect affect the variation in device properties, such as oxide film pressure-proofing and the threshold 
electrical potential difference of the MOS device produced using a SOI wafer, or ** carrier mobility, etc. has 
the field granularity of very few SOI layer front faces, and the field granularity of a SOI/BOX interface, and its 
manufacture approach. 
[0012] 

[Means for Solving the Problem] Invention indicated by claim 1 of this invention in order to solve the above- 
mentioned technical problem is a SOI wafer with which field granularity of the SOI layer front face of a SOI 
wafer is characterized by being 0.1 2nm or less with an RMS value. Thus, the device formed in a SOI layer front 
face since the SOI wafer which has the outstanding field granularity of a SOI layer front face is the level 
superior to the field granularity of the usual mirror-polishing wafer shall also have device properties, such as 
few very good oxide film pressure-proofing and threshold electrical potential differences, or carrier mobility of 
variation. 

[0013] And invention indicated to claim 2 of this invention embeds with the SOI layer of a SOI wafer, the field 
granularity of an interface with an oxide film is a SOI wafer 0.1 2nm or less in an RMS value, and a good device 
property with very little variation is acquired like claim 1 also in this case. 

[0014] Furthermore, the field granularity of the SOI layer front face of a SOI wafer is 0.1 2nm or less in an RMS 
value, and invention indicated to claim 3 of this invention is embedded with a SOI layer, and the field 
granularity of an interface with an oxide film is a SOI wafer 0.1 2nm or less in an RMS value. Thus, since the 
SOI wafer which embeds with the outstanding field granularity of a SOI layer front face and a SOI layer, and 
has the field granularity of an interface with an oxide film is the level superior to the usual field granularity and 
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the interface granularity of a SOI wafer, it shall act much more effectively to the device formed in a SOI layer 
front face, and shall have device properties, such as very good oxide-film pressure-proofing and a threshold 
electrical potential difference with little variation, or carrier mobility. 

[0015] Next, invention indicated to claim 4 of this invention is the manufacture approach of the SOI wafer 
characterized by heat-treating under a mixed-gas ambient atmosphere with the argon and/or nitrogen which 
remove the natural oxidation film of this front face, and contain 100% of hydrogen, and hydrogen 10% or more 
using rapid heating and quick cooling equipment, after carrying out mirror polishing of the SOI wafer. Thus, if 
the natural oxidation film of this front face is removed and hydrogen annealing heat treatment is performed 
using rapid heating and quick cooling equipment after carrying out mirror polishing of the SOI wafer, surface 
side granularity can obtain the SOI wafer improved by 0.1 2nm or less with the RMS value. Therefore, if a 
device is produced on this SOI layer front face, device properties, such as oxide film pressure-proofing, a 
threshold electrical potential difference, or carrier mobility, can also obtain few very good things of variation. 
[0016] And invention indicated to claim 5 of this invention is the manufacture approach of the SOI wafer 
characterized by forming the thermal oxidation film 300nm or more in this front face, and removing this 
thermal oxidation film, after carrying out mirror polishing of the SOI wafer. Thus, after carrying out mirror 
polishing of the SOI wafer, also by forming the thermal oxidation film 300nm or more in this front face, and 
removing this thermal oxidation film, the surface roughness of a SOI wafer can be improved and 0.1 2nm or less 
can be raised with an RMS value. 

[0017] Next, after invention indicated to claim 6 of this invention carries out mirror polishing of the silicon 
wafer, The bond wafer heat-treated and produced under the mixed-gas ambient atmosphere with the argon 
and/or nitrogen which remove the natural oxidation film of this front face, and contain 100% of hydrogen, and 
hydrogen 10% or more using rapid heating and quick cooling equipment, After sticking a base wafer through 
silicon oxide and adding heat treatment, it is the manufacture approach of the SOI wafer characterized by thin- 
film-izing this bond wafer. 

[0018] According to the manufacture approach of this SOI wafer, the silicon wafer which performed mirror 
polishing, natural oxidation film removal, and hydrogen annealing heat treatment, and raised surface roughness 
is used as a bond wafer. Since it combines with a base wafer through an oxide film and the SOI wafer is 
produced As a result, the front face of a bond wafer embeds with a SOI layer, and turns into an interface 
(SOI/BOX interface) with an oxide film, and the surface roughness of this interface can obtain the SOI wafer 
improved by 0.1 2nm or less with the RMS value. Therefore, if a device is formed in this SOI wafer, a very good 
device property can be acquired. 

[0019] In this case, as indicated to claim 7, it can consider as the thermal oxidation film in which said silicon 
oxide was formed on the bond wafer front face. Thus, if the thermal oxidation film is formed in a bond wafer 
front face and it combines with a base wafer, SOI / BOX interface will be able to become much more flat 
according to the synergistic effect of the flattening effectiveness by hydrogen annealing heat treatment, and the 
flattening effectiveness by thermal oxidation, and 0.1 2nm or less can be certainly raised with an RMS value. 
[0020] And after it sticks this bond wafer and a base wafer through the second oxide film after invention 
indicated to claim 8 of this invention forms the first thermal oxidation film in the front face of the bond wafer 
which consists of a silicon wafer by which mirror polishing was carried out and removes the thermal oxidation 
film of this first, and it adds heat treatment, it is the manufacture approach of the SOI wafer characterized by 
thin-film-izing this bond wafer. 

[0021] According to the manufacture approach of this SOI wafer, the silicon wafer which performed the mirror- 
polishing and first thermal oxidation film formation / first thermal oxidation film removal, and raised surface 
roughness is used as a bond wafer. Since it combines with a base wafer through the second oxide film and the 
SOI wafer is produced The front face of the bond wafer with which surface roughness has been improved as a 
result embeds with a SOI layer, and turns into an interface with an oxide film, and the surface roughness of this 
interface can obtain the SOI wafer improved by 0.1 2nm or less with the RMS value. Therefore, if a device is 
formed in this SOI wafer, a very good device property can be acquired. 

[0022] In this case, as indicated to claim 9, said second oxide film can be used as the thermal oxidation film 
formed in the bond wafer front face. Thus, if the thermal oxidation film is formed in a bond wafer front face and 
it combines with a base wafer, flattening of SOI / the BOX interface is further carried out by the flattening 
effectiveness by thermal oxidation, and it can raise 0.1 2nm or less with an RMS value certainly according to it. 
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[0023] Next, invention indicated to claim 10 of this invention is the manufacture approach of the SOI wafer 
characterized by heat-treating under a mixed-gas ambient atmosphere with the argon and/or nitrogen which 
contain 100% of hydrogen, and hydrogen 10% or more using rapid heating and quick cooling equipment, after 
removing the natural oxidation film of the front face of the SOI wafer produced by thin-film-izing said bond 
wafer. 

[0024] Since according to the manufacture approach of this SOI wafer a SOI/BOX interface performs natural 
oxidation film removal and hydrogen annealing heat treatment to the SOI wafer by which flattening was carried 
out and already carries out flattening of the surface roughness According to the flattening effectiveness of a 
SOI/BOX interface, and the synergistic effect of the flattening effectiveness of SOI wafer surface roughness, if 
a device is formed in this SOI wafer while the thickness homogeneity of a SOI layer should improve further, it 
can acquire a very good device property. 

[0025] And invention indicated to claim 1 1 of this invention is the manufacture approach of the SOI wafer 
characterized by forming the thermal oxidation film in the front face of the SOI wafer produced by thin-film- 
izing said bond wafer, and removing this thermal oxidation film. 

[0026] Since according to the manufacture approach of this SOI wafer a SOI/BOX interface performs thermal 
oxidation film formation / thermal oxidation film removal processing to the SOI wafer by which flattening was 
carried out and already carries out flattening of the surface roughness According to the flattening effectiveness 
of a SOI/BOX interface, and the synergistic effect of the flattening effectiveness of SOI wafer surface 
roughness If a device is formed in this SOI wafer while the thickness homogeneity of a SOI layer should 
improve further, it can acquire a very good device property with little variation. 
[0027] 

[Embodiment of the Invention] Hereafter, although the gestalt of operation of this invention is explained to a 
detail, this invention is not limited to these. The result experimentally examined in order that this invention 
persons might improve the field granularity of the SOI wafer front face which has a bad influence on the 
variation in properties, such as oxide film pressure-proofing and the threshold electrical potential difference of 
the MOS device produced using a SOI wafer, or carrier mobility, etc., and a SOI/BOX interface, After carrying 
out mirror polishing of the SOI wafer about the field coarseness of a SOI wafer front face, Remove the surface 
natural oxidation film and using RTA equipment [ whether it heat-treats under a mixed-gas ambient atmosphere 
with the argon and/or nitrogen which contain 100% of hydrogen, and hydrogen 10% or more, and ] After 
carrying out mirror polishing of the SOI wafer, when forming the thermal oxidation film 300nm or more in this 
front face and removing this thermal oxidation film, the knowledge of field granularity improving rather than 
the usual mirror-polishing side was carried out. 

[0028] moreover, about the field coarseness of a SOI/BOX interface The inside of two raw material wafers in 
the case of producing a lamination SOI wafer (silicon wafer by which mirror polishing was carried out), It 
combines with the base wafer which serves as a base material through an oxide film after giving beforehand the 
process of either of the two above-mentioned kinds of processes to the wafer (bond wafer) which forms a SOI 
layer. If a bond wafer is thin-film-ized and is processed into a SOI wafer, the knowledge of the SOI/BOX 
interface which has the field granularity which was excellent as compared with the field granularity of the usual 
mirror-polishing side being acquired will be carried out, and this invention will be completed. 
[0029] Hereafter, it explains to a detail, referring to a drawing about this invention. The SOI wafer (a SOI front 
face is a mirror-polishing side) and the silicon wafer by which mirror polishing was carried out which produced 
drawing 1 by the lamination method They are rapid heating and quick cooling equipment (RTA equipment) 
about (it may be hereafter written as PW). SHUTIAKKU MICRO-TEC The result of having measured the 
surface roughness after adding heat treatment for 30 seconds at the temperature of 1000-1200 degrees C is 
shown using SHS[ by the international company ]-2800 mold under the ambient atmosphere of hydrogen 25 
capacity % and argon 75 capacity %. In addition, two kinds were used for them although these wafers were not 
removed with what removed the surface natural oxidation film in the fluoric acid water solution 1% before RTA 
heat treatment. Moreover, surface roughness measurement was performed in the area of 2 -micrometer angle 
using the atomic force microscope (digital instrument company make, Nanoscope-II), and it expressed as an 
RMS value (a root mean square and square root value). 

[0030] If it heat-treats in the ambient atmosphere which contains hydrogen using RTA equipment after 
removing beforehand the natural oxidation film on the front face of a wafer from drawing 1 , it turns out that 
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surface roughness can improve and it can be referred to as 0.1 Onm or less with an RMS value according to 
0.1 2nm or less and conditions. In addition, x and + of drawing 1 show the average of the surface roughness on 
the SOI wafer front face before heat treatment, and the front face of PW, respectively. 
[0031] The reason of such a phenomenon is Si and Si02, when it generally heat-treats under a hot hydrogen 
ambient atmosphere. Although etched, the etch rate compares with Si, and it is Si02. Since it is very late, if an 
uneven oxide film like the natural oxidation film is formed in the wafer front face, since partial nonuniformity 
arises in etching, a field dry area will occur. Therefore, it is thought by heat-treating the natural oxidation film 
in the condition of having removed completely that flattening of the front face can be carried out more to that 
etching nonuniformity can be prevented and coincidence by the migration of a silicon atom. Moreover, since it 
is not necessary to remove the natural oxidation film and can heat-treat at low temperature comparatively by 
adding hot heat treatment of 1200 degrees C or more since the natural oxidation film is removed beforehand, it 
also becomes possible to avoid generating, heavy metal contamination, etc. of a slip rearrangement. 
[0032] Drawing 2 is a graph showing the relation between the hydrogen gas concentration in the heat treatment 
ambient atmosphere of RTA equipment, and surface roughness, and shows the relation between the surface 
roughness after changing the hydrogen gas concentration in the mixed ambient atmosphere of hydrogen and an 
argon and performing 1 100 degrees C and RTA heat treatment for 30 seconds to the SOI wafer from which the 
surface natural oxidation film was removed, and PW, and hydrogen gas concentration. Although the surface 
roughness after heat treatment gets worse extremely compared with heat treatment before from drawing 2 when 
hydrogen gas concentration is less than 10%, it turns out that it will improve if it is 10% or more. It is thought 
that it is because ****** resulting from the etching operation by mixed gas other than hydrogen without the 
operation which generates migration (an argon, nitrogen, etc.) becomes easy to generate this reason while it will 
be hard coming to generate the migration of Si atom on the front face of a wafer, if the hydrogen concentration 
in a heat treatment ambient atmosphere is low. 

[0033] On the other hand, it turned out that heat treatments other than RTA heat treatment under a hydrogen 
ambient atmosphere which was described above can also carry out flattening of the front face. After drawing 3 
forms the thermal oxidation film with which thickness differs under the ambient atmosphere which contains a 
steam at 1050 degrees C to the same SOI wafer and same PW as the above using the heat treating furnace of the 
usual heater heating type and removes the thermal oxidation film in a fluoric acid water solution 5%, it shows 
the result of having measured surface roughness by the same approach as the above. 

[0034] Drawing 3 shows that surface roughness improves, so that oxide-film thickness is formed thickly. If 
especially oxide-film thickness is set to 300nm or more, it turns out that surface roughness is improved by about 
0.1 2nm or less with the RMS value. Thus, the reason surface roughness is improved by oxide-film formation is 
considered to be based on the operation in which the silicon between grids generated by oxidation is injected 
into a wafer front face, and fills a surface atomic hole. Therefore, since an atomic hole is filled the more the 
more it thickens an oxide film, it can be interpreted as that by which surface roughness is improved. 
[0035] By the way, two kinds of no above-mentioned heat treatments which raise surface roughness have 
targetted the front face of a wafer the SOI/BOX interface of a lamination SOI wafer. However, if a SOI wafer is 
produced by combining with a base wafer through an oxide film using PW which raised surface roughness as a 
bond wafer for lamination SOI wafers using the above-mentioned approach, since the bond wafer front face 
where surface roughness has been improved as a result will turn into a SOI/BOX interface, the SOI wafer 
whose surface roughness of the interface improved can be obtained. In this case, if the thermal oxidation film is 
formed in a bond wafer front face and it combines with a base wafer, the effectiveness of flattening by heat 
treatment under a hydrogen ambient atmosphere and the effectiveness of flattening by thermal oxidation will be 
put together, and a SOI/BOX interface will become much more flat. 

[0036] Moreover, it is applicable not only to a SOI/BOX interface but a SOI front face to double and give the 
effectiveness of flattening by heat treatment under a hydrogen ambient atmosphere and the effectiveness of 
flattening by thermal oxidation. That is, if heat-treat the SOI wafer by which mirror polishing was carried out in 
a hydrogen ambient atmosphere, flattening of the front face is carried out, the front face is further oxidized 
thermally and the oxide film is removed, while the surface roughness of a SOI wafer front face can improve 
further, the further thin film-ization of it will also be attained by repeating thermal oxidation and oxide-film 
removal if needed, with the thickness homogeneity of not only the improvement in surface roughness but a SOI 
layer maintained. 
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[0037] Here, the thermal treatment equipment which uses the silicon wafer and SOI wafer of this invention for 
carrying out hydrogen annealing heat treatment is explained. The rapid heating and quick cooling equipment 
(RTA equipment) ** used by this invention can mention equipment like the lamp heater by thermal radiation. 
As what is marketed, it is SHUTIAKKU, for example. MICRO-TEC International company make and 
equipment like SHS-2800 can be mentioned, and these are not extraordinarily complicated and expensive, 
either. Moreover, as a heat treating furnace of a heater heating type, equipment like alpha-8 by Tokyo Electron, 
Ltd. can be mentioned. 

[0038] An example of the rapid heating and quick cooling equipment of the silicon wafer used for drawing 5 by 
this invention and a SOI wafer is shown. The thermal treatment equipment 10 of drawing 5 has the chamber 1 
which consists of a quartz, and heat-treats a wafer within this chamber 1 . The heat lamp 2 arranged so that a 
chamber 1 may be surrounded from four directions performs heating. This lamp can control now the power 
supplied independently, respectively. 

[0039] The auto shutter 3 was equipped and the exhaust side of gas has blocked the open air. Wafer insertion 
opening which is not illustrated [ which the auto shutter 3 consists of possible / closing motion / with a gate 
valve ] is prepared. Moreover, flueing opening is prepared in the auto shutter 3, and a furnace atmosphere can 
be adjusted now. 

[0040] And a wafer 8 is arranged on the three-point supporter 5 formed in the quartz tray 4. The buffer 6 made 
from a quartz is formed in the gas inlet side of a tray 4, and introductory gas can prevent that of direct this slack 
now to a wafer 8. Moreover, the non-illustrated special aperture for thermometries is prepared in the chamber 1, 
and the temperature of a wafer 8 can be measured through the special aperture by the pyrometer 7 installed in 
the exterior of a chamber 1 . 

[0041] Rapid heating and processing which cools quickly are performed as follows in a wafer 8 by the above 
thermal treatment equipments 10. First, after putting in a wafer 8 in a chamber 1 from insertion opening and 
arranging on a tray 4 with the non-illustrated wafer handling device which adjoins a thermal treatment 
equipment 10 and is arranged, the auto shutter 3 is shut. 

[0042] And after purging enough with nitrogen gas, a controlled atmosphere is changed to mixed gas with 
100% of hydrogen, hydrogen, Ar, or nitrogen, power is supplied to a heat lamp 2, and the temperature up of the 
wafer 8 is carried out to the predetermined temperature of 1000-1300 degrees C. Under the present 
circumstances, the time amount taken to become the target temperature is about 20 seconds. Next, by carrying 
out predetermined time maintenance in the temperature, elevated-temperature heat treatment can be added to a 
wafer 8. If predetermined time progress is carried out and elevated-temperature heat treatment is completed, the 
output of a lamp will be lowered and the temperature of a wafer will be lowered. This temperature fall can also 
be performed in about 20 seconds. Finally, hydrogen annealing heat treatment is completed by taking out a 
wafer with a wafer handling device. 

[0043] When there is a wafer furthermore heat-treated, a wafer can be thrown in one after another and RTA 
processing can be carried out continuously. Moreover, what is necessary is just to change processing 
temperature, a raw gas ambient atmosphere, etc., when carrying out thermal oxidation processing using RTA 
equipment. 
[0044] 

[Example] Hereafter, although the example and the example of a comparison of this invention are given and 
explained, this invention is not limited to these. 

(An example and example of a comparison) The diameter prepared for the object for bond wafers, and base 
wafers at a time six silicon wafers (PW) with which mirror polishing of one side was carried out by 200mm, 
and produced 6 sets of lamination SOI wafers according to the production process of drawing 4 using these 12 
wafers. 

[0045] The detailed manufacture conditions of each process in the flow Fig. of drawing 4 are as follows. 

[1] Perform the process of following (a) or (b) to a bond wafer heat treatment process and the bond wafer from 

which the natural oxidation film was removed with the fluoric acid water solution 1%. 

(a) Use RTA equipment (SHS-2800) and perform 1 100 degrees C and heat treatment for 30 seconds under the 
ambient atmosphere of hydrogen 25 capacity % and argon 75 capacity %. 

(b) With the heat treating furnace of a heater heating type, heat-treat at 1050 degrees C under a steam content 
ambient atmosphere, and HF water solution removes the thermal oxidation film 5% after forming about 300nm 
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thermal oxidation film. 

[0046] [2] A hydrogen ion impregnation process, oxide-film thickness before hydrogen ion impregnation 
(embedding oxide- film thickness) : form the lOOnm thermal oxidation film. 

Hydrogen-ion impregnation conditions (formation of stratum disjunctum): H+ Ion, 45keV, and 8x1016 
atoms/cm2. 

[3] Perform 500 degrees C and heat treatment for 30 minutes under an exfoliation heat treatment process and 
nitrogen-gas-atmosphere mind. 

[4] Perform 1 100 degrees C and heat treatment for 120 minutes under heat-of-linkage down stream processing 

and nitrogen-gas-atmosphere mind. 

[5] A touch polish process, polish cost : about lOnm. 

Thereby, the SOI wafer with which a SOI layer has 280**5nm thickness and the variation within a field is 
produced. 

[6] Perform 1 100 degrees C and heat treatment for 30 seconds using a SOI layer heat treatment process and (a) 
RTA equipment (SHS-2800) under the ambient atmosphere of hydrogen 25 capacity % and argon 75 capacity 
%. 

(b) With the heat treating furnace of a heater heating type, heat-treat at 1050 degrees C under a steam content 
ambient atmosphere, and HF water solution removes the thermal oxidation film 5% after forming about 300nm 
thermal oxidation film. 

[0047] In the production process of the SOI wafer of drawing 4 , 6 sets of SOI wafers (examples 1-5, example 1 
of a comparison) with which manufacture conditions differ were produced by setting up, as the combination of 
bond wafer heat treatment and SOI heat treatment was indicated to Table 1 . And the result of having measured 
the surface roughness of the SOI layer of these SOI wafers, and SOI / BOX interface granularity (RMS value of 
2-micrometer angle) by AFM (atomic force microscope) was shown in Table 1 . In addition, measurement of 
SOI/BOX interface granularity was evaluated by measuring the surface roughness of the exposed BOX side, 
after carrying out etching removal of the SOI layer with a TMAH (tetramethylammonium hydride) solution. 
[0048] 
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[0049] The result of the SOI layer surface roughness of Table 1 and SOI/BOX interface granularity shows that 
the SOI wafer with which SOI layer surface roughness, and/or SOI / BOX interface granularity are set to 
0.1 2nm or less with an RMS value can be obtained according to this invention. That is, as a SOI wafer for MOS 
devices, the SOI wafer which can lessen extremely variation in properties, such as oxide film pressure-proofing 
and the threshold electrical potential difference of an MOS device, or ** carrier mobility, etc., and its 
manufacture approach can be offered. 

[0050] In addition, this invention is not limited to the above-mentioned operation gestalt. The above-mentioned 
operation gestalt is instantiation, and no matter it may be what thing which has the same configuration 
substantially with the technical thought indicated by the claim of this invention, and does the same operation 
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effectiveness so, it is included by the technical range of this invention. 

[0051] For example, with the operation gestalt of this invention, although the SOI wafer is manufactured from 
the silicon single crystal wafer with a diameter of 200mm (8 inches), it can respond also to 250mm (10 inches) - 
400mm (16 inches) or the formation of a large diameter beyond it in recent years enough. Moreover, although 
the case where RTA heat treatment or formation removal of an oxide film was performed only to a bond wafer 
was illustrated above, you may carry out also to a base wafer. 
[0052] 

[Effect of the Invention] As explained in full detail above, according to this invention, the surface roughness 
and/or SOI/BOX interface granularity of a SOI wafer can produce easily the SOI wafer of the high quality set to 
0.1 2nm or less with an RMS value by low cost. Therefore, if an MOS device is produced using the SOI wafer 
of this invention, the MOS device of high quality with very little variation in device properties, such as oxide 
film pressure-proofing, a threshold electrical potential difference, or carrier mobility, etc. can be offered. 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1 ] 

0.4 j ■ 




850 1000 1050 1100 1150 1200 1250 



[Drawing 2] 




0 L I 1 I I I I I L I 

0 10 20 30 40 50 60 70 80 90 100 



[Drawing 3] 




0,08 J — 1 — ■ — 1 — ' — ' — ' — ■ — ' — 1 1 

0 200 400 600 800 1000 
g*fb»J3(nm) 



http ://www4 . ipdl .ncipi . go jp/cgi-bin/tran_web_cgi_ej j e 



7/14/2005 



JP,2000-294470,A [DRAWINGS] 



Page 2 of 2 



[Drawing 4] 

C#>K*x-M) 



| 1 ) #>K*x~/\8MaS | 






I 2> 





4) ta&iM&a I 



I 6) soiumm I 



[Drawing 5] 



10 



ooo 



oc/oooo 



OOOOOGOOOO 




[Translation done.] 
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